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r.ESTxtlCTED  BULLETIN 


EFFECT  0?  POWERED  PROPELLERS  ON  THE  AERODYNAMIC 

CHARACTERISTICS  AND  THE  PORPOISING  STABILITY 

OF  A  DYNAMIC  MODEL  OF  A  LONG-RAN&E  FLYING  BOAT 

By  Norman  S,  Land 

INTRODUCTION 


The  tests  described  in  this  r.^port  were  made  on  p. 
l/S— full— size  model  cf  r    large,  long— range,  tvin— engine 
flying  'boat  in  NACA  tank  no,  1.   The  airplane  had  a.  wing 
loading  of  43.9  pounds  per  squrre  foot  -^.nd  a  power  loading 
of  11.5  pounds  per  horsepower.   Its  arrangement  was  such 
that  34.2  percent  of  the  wing  area  and  56,1  percent  of  the 
horizontal  tail  area  wt-^  included  within  the  fore— and— aft 
projf^ction  of  the  propeller  disks. 

The  model  was  fitted  with  1  e  ad  ing— ••^  dge  slats  to  make 
the  angle  of  attack  for  "aximuiii  lift  c  o-'-f  f  i  c  i^^  nt  correspond 
with  that  of  the  airplane  at  the  low  Reynolds  number  asso- 
ciated with  the  tank  tests  (3.26  X  10   based  on  the  mean 
aerodynamic  chord  and  the  get— away  speed  of  the  model).   The 
model  was  eq^uipped  vrith  two  three— blade  mptal  prop-llers  of 
scale  diameter  and  form,  power  for  which  was  furnished  by 
two  var iab le— frequency  alt er nat ing— cur  rent  motors.   Suffi- 
cient power  was  available  to  develop  scale  thr\i3t  with  the 
pr  ope  Her  s  . 

The  tests  were  divided  into  two  parts:   (l)  aerodynamic 
tests  to  determine  the  effect  of  the  slipstream  and  thrust 
from  the  powered  propell-rs  on  the  lift  and  t r imming— moment 
characteristics,  and  (2)  hydr odyna aic  tests  to  determine  the 
effect  of  the  powered  propellers  on  the  range  of  stable  lo- 
cations of  the  center  of  ^;ravity. 


AERODYNAMIC  TESTS 


Aerodynf^mic  tests  were  made  by  suspending  the  model 
above  th'^  water  with  th.  tri..;  -ixis  at  a  height  that  allowed 


a  s::i?ll  clearance  of  the  stern  post  at  a  trim  of  15°.   The 
trim  axis  wps  located  at  the  point  corresponding  to  the 
position  of  the  center  of  gravity  at  35— percent  mean  aero— 
dynrnic  chord  and  the  t  r  imm.ing— mon«nt  coefficients  were 
measured  ahout  this  pxis.       All  aerodynamic  data  were  obtained 
at  a  constant  speed  of  45  feet  per  second. 

In  tank  tests  of  pov/ered  liodels,  the  effects  of  power 
are  assumed  to  he  approximately  simulated  "by  diuiens  i  onally 
scaled  propellers  turning  at  a  speed  that  will  cause  the 
propf'llers  to  develop  scale  thrust.  In  th'^  case  of  the 
present  mod.el,  the  values  of  thrust  assumed  and  the  corre- 
sponding propeller  speed,  as  determined  from  a  calibration 
of  th'~  model  propellprs  in  a  wind  tunnel,  w«~-re  as  follov/s: 

Propeller  speed 
'__(ZH:l 

Zero  thrust 0 

Onp-half  of  seal---  thrust  ft  Y=35  fps  (model)  .  .  42C0 

Full  st'---.tic  tnrust 47C0 

Full  thrust  at   7=60  fps  (model) o.'^CO 

The  curves  of  aerodynamic  lift  coefficient  against 
trim  f-nd  ,tr  immi  ng— moment  coefficient  given  in  figure  1 
show  that  the  change  from  zero  thrust'  to  one— half  of  scale 
thrust  has  a  relatively  greater  effect  on  the  aerodynamic 
characteristics  than  the  change  from  one— half  of  scale 
thrust  to  full  thrust.   Also,  the  curves  show  that  the  dif- 
ferences wetween  the  char  e  ct '^r  i  s  t  ics  v;ith  prop-^^llers  turn- 
ing at  4700  rpm  and  at  5300  rpm  are  negligible.   The  last- 
mentioned  conclusion  is  significant  in  that  continuous 
adjustm.ent  of  the  propeller  speed  of  the  model  during  an 
accelerated  run  appears  unnecessary  for  simulating  the  vari- 
ation of  thrust  with  speed  of  the  full— size  propellers. 


HYDHODYIIA-MIC  TESTS 


Details  of  the  test  procedure  used  to  determine  the 
range  of  stable  locations  of  the  center  of  gravity  may  he 
found  in  refer'^nce  1, 

Figure  2  shows  th-  Iprge  differ '-nee  in  th=  stable 
range  between  half— thrust  and  full— thrust  conditions.   For 
the  hydrodynamic  tests,  full  thrust  v/as  represented  by  a 
propeller  speed  of  5000  rpm.   Th--^  principal  effect  of  in- 


( 


creasing    the    thrust    frou    half     (4200    rpa)     to    full     (5000 
rpra)     is    to    shift    hoth    th*^    forward    and    th--    after    li..iits    of 
stn^bility    aft.       The    after    limit    is    moved    aft    to    a    uuch 
Iflssrr    ilegree    that    the- forward    limit.- 

Thr'^e    effects    of    power    arr    inv-:lV'^d    in    tho    location 
of    thi^    stable    rang.^-    cf.thf-    cent-^r     of    gravity.       First, 
thi^    slipstream    ov^r    th-^    wing    causes    an    iiicrpasp     in    the 
lift    a,nd    a    d.ocrease    in    the    1  o  ;•  d    on    the    w»ter.       The    trim 
liuits    of    stability    are    thus    raised    to    higher    trims.        (See 
reference    1.)       Second,    th^^    thruet    produces    a    nose— .-i  own 
r.ionont  ;     this    effect     is    probably    the    most     ii.portr.nt     in    ■l'^  — 
teruining    the    range     of    stable    locfitions     of    the    center     of 
gravity.       Third,    the     slipstream    on    the    t?..il    changes    the 
moment    produced    by    the    tail    and    increa.ses    th'     ""f  f  ■?' c  t  ive  — 
n^ss     of     th"    elevator. 


GOITCLUSIONS 


1.  When    the    hydr  odya^jmi  c    stability    of    a    flying   boat 
is    dp  ter  mine'd    by    means    of    teste     of    a    dyn-mic    i-iodel,    the 
scale    thrust    should,     if    possible,    be    developed    by    :.ieans     of 
operating    propellers     of    a.t    least    appr  o>:i...s  te  ly    scale    diam- 
eter.      On    a    model    of    r    long-range    flying    bo-;t    of    conven- 
tional   d.eslgn,    large    increases    in    wing    lilt    and    tail    moment 
may    be    expected    to    follow    th»    use    of    povi-ercd    propellers. 

In    addition,    the    thrri.st    m.^ment    considerably    changes    the 
trims    ass^^med    by    the    flying    boat.       These    effects    gre-.tly 
influence    the    vfidth    of    the    range     of    stable     locations     of    the 
center    of    gravity. 

2.  With    the    present    methjos     ;f    de  t  or  ...ining    th*^-    stebil— 
ity    of    dynaniic    models,    exact    simulation    of    full— size    vari- 
ation   of    thrust    v/ith    speed    is    unne  c'-s  s  ar  y  . 


Langley    Memorial    Aeronautical    Lab  or  at  or  .;'■  , 
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